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(54) Power management system for integrated circuits 

(57) A system for controlling the application of 
power by a power supply to a load. The inventive sys- 
tem includes a first circuit for drawing power from the 
power supply and a second circuit for controlling the 
amount of power drawn by the first circuit from the 
power supply. The amount of power drawn from the 
power supply is gradually increased prior to the applica- 
tion of power to the load and gradually decreased after 
removal of power from the load. In the illustrative 
embodiment, the first circuit is a digitally controlled 
resistance and the second circuit is a digital counter 
which supplies a control word for the digitally controlled 
resistance. A high order bit from the counter enables the 
gating of clock pulses to the load circuit. As a result 
activation of the load circuit is delayed while the inven- 
tion gradually varies the amount of power drawn from 
the power supply to a desired threshold level. The grad- 
ual draw of power from the supply significantly mitigates 
transients ordinarily associated with the application of 
clock pulses to a load circuit at machine startup or 
removal of clock pulses at machine shutdown. 
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Description 

FIELD OF THE INVENTION 

The present invention relates to electronic circuits. 
More specifically, the present invention relates to cir- 
cuits and systems for supplying power to very large 
scale integrated circuits (VLSI). 

BACKGROUND OF THE INVENTION 

Power supplies for integrated circuits (ICs) include 
inductive elements which generate transients due to 
machine startup, particularly clock start and clock stop. 

The transients manifest as noise which is unaccept- 
abl for certain applications. The problem is particularly 
acut in high performance VLSI chips. 

The conventional solution is to use large decou- 
pling capacitors between the power supply and ground. 
These capacitors must be supplied on the chip or off the 
chip. On-chip capacitors are expensive to implement 
and consume valuable die area. Off-chip capacitors are 
not as effective. 

A second conventional approach to the problem 
involves the use of resistors between the power supply 
and the load. However, this often results in a degrada- 
tion of voltage regulation. 

Thus, there is a need in the art for a system or tech- 
nique for mitigating power supply transients on the 
application of power to integrated circuits. 

SUMMARY OF THE INVENTION 

The need in the art is addressed by the present 
invention which provides a system for controlling the 
application of power by a power supply to a load. The 
inventive system includes a first circuit for drawing 
power from the power supply and a second circuit for 
controlling the amount of power drawn by the first circuit 
from the power supply. The amount of power drawn 
from the power supply is gradually increased prior to the 
application of power to the load and gradually 
decreased after removal of power from the toad. 

In the illustrative embodiment the first circuit is a 
digitally controlled resistance and the second circuit is a 
digital counter which supplies a control word for the dig- 
itally controlled resistance. A high order bit from the 
counter enables the gating of clock pulses to the load 
circuit. As a result, activation of the load circuit is 
delayed wh3e the invention gradually varies the amount 
of power drawn from the power supply to a desired 
threshold level. The gradual draw of power from the 
supply significantly mitigates transients ordinarily asso- 
ciated with the application of clock pulses to a load cir- 
cuit at machine startup or removal of clock pulses at 
machine shutdown. 



BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a block diagram of an illustrative implemen- 
tation of the system for controlling the application of 
5 power by a power supply to a load of the present inven- 
tion. 

Fig. 2 is a schematic diagram of the dummy load of 
the system depicted in Fig. 1 . 

Fig. 3 shows timing diagrams illustrative of the 
10 operation of the system of the present invention. 

DESCRIPTION OF THE INVENTION 

Illustrative embodiments and exemplary applica- 
15 tions will now be described with reference to the accom- 
panying drawings to disclose the advantageous 
teachings of the present invention. 

While the present invention is described herein with 
reference to illustrative embodiments for particular 
20 applications, it should be understood that the invention 
is not limited thereto. Those having ordinary skill in the 
art and access to the teachings provided herein will rec- 
ognize additional modifications, applications, and 
embodiments within the scope thereof and additional 
25 fields in which the present invention would be of signifi- 
cant utility. 

Fig. 1 is a block diagram of an illustrative implemen- 
tation of the system for controlling the application of 
power by a power sipply to a load of the present inven- 
30 tion. The overall circuit 10 includes a VLSI chip 12 on 
which the present invention is implemented. The VLSI 
chip 12 is connected to a conventional power supply 14 
and a clock 16. Power is supplied to the chip 12 via a 
conventional RC filter 25 including a resistor 26 and a 
35 capacitor 28. A clock start/stop signal is supplied to the 
chip 12 by a controlling device (not shown). 

In accordance with the present teachings, power 
from the power supply, the clock and the clock stop/start 
signals are applied to a counter 18 implemented in the 
40 illustrative embodiment on chip as five bit counter. 
When these signals are applied, the counter 18 begins 
to count clock pulses up or down depending on the 
value of the clock stop start signal. A typical count 
sequence is illustrated below: 
45 00000 
00001 
00010 
00011 
00100 

50 00110 

00111 
01000 
01001 
01010 

55 01011 

01100 
01101 
01110 
01111 
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10000 

In accordance with the present teachings, a selected 
set of these outputs from the digital counter 1 8 are used 
to vary the resistance of a dummy load 20 implemented, 
in the illustrative embodiment, as a digitally controlled 
resistance. As shown in Rg. 1 , the dummy loads are 
connected in parallel with the power supply 14 and the 
chip functional circuits 22. 

Fig. 2 is a schematic diagram of the dummy load 
20. In accordance with the invention, four outputs from 
the counter 18 are used to control the dummy load 20. 
An additional output is used to gate the clock in the chip 
functional circuits 22 via an AND gate 24 in the manner 
described more fully below. 

As the counter counts up or down through the 
sequence illustrative above, various combinations of 
resistors are activated via a plurality of buffer amplifiers 
30. 32, 34 and 36. In the illustrative embodiment the 
resistive elements are implemented with transistors 40 - 
54 (even numbers only). Thus, the least significant bit of 
the counter is connected to the gate of a first transistor 
40 which, in the illustrative embodiment, is sized to draw 
1/1 6th the nominal steady state current ordinarily drawn 
by the chip functional circuits 22. Bit 2 from the counter 
18 is connected to the gate of a second transistor 42 
which is sized to draw 1/8th of the chip current Bit 3 
from the counter is connected to the gates of third and 
fourth transistors 44 and 46 which are sized to draw in 
combination 1/4th the chp current and bit 4 is con- 
nected to the gates of fifth, sixth, seventh and eighth 
transistors 48, 50, 52 and 54, respectively, which are 
sized to draw, in combination, 1/2 the nominal chip cur- 
rent. 

Switching transients due to the switching of the 
dummy load transistors may be expected to be compa- 
rable to the cycle-to-cycle transients inside the func- 
tional circuits 22 and may be addressed in a 
conventional manner if necessary. 

Rg. 3 shows timing diagrams illustrative of the 
operation of the system of the present invention At 
power on (t1, the power supply is on (Fig. 3(a)) and at 
t2, the RC filter 25 output voltage begins to rise. At t3, 
the filter 25 output voltage reaches a maximum and pro- 
vides a reset to zero signal for the counter 1 8 (Fig. 3(b). 
Hence, the counter output is subsequently reset to zero 
(Rg. 3(c)). At this point, bits 1 - 5 of the counter 18 are 
set at zero. Hence, all loads are shut down and the 'chip 
clock enable* signal of Rg. 3(d) is low. The chip current 
demand (Rg. 3(g)) and total current demanded of the 
power supply (Rg. 3(h)) are both close to zero. When at 
t4 the 'clock start* signal is applied to the counter 18 
(Rg. 3(e)), the counter increments (Rg. 3(c)) and acti- 
vates the loads in binary sequence. In the illustrative 
embodiment, each count or clock pulse increases cur- 
rent demand by 1/1 6th of full functional load. At t5. the 
loads begin to draw current (Rg. 3(f)) until a maximum 
desired current threshold is reached at t6. Note the 
increase in current drawn by the power supply 1 4 in Rg. 
3(h). 



At t7, when the counter goes from 15 to 16 (01 1 1 1 
to 10000), the 'chip clock enable* signal goes high (Fig. 
3(d)), the chip functional circuits 22 draw current (Rg. 
3(g)) and all dummy loads shut down (Rg. 3(f)). Current 

5 demand goes from 1 5/1 6ths of full functional demand to 
16/16ths. At this point, the total power supply current is 
at a maximum value as shown in Rg. 3(h). The power 
supply current stays high until the 'dock start* signal 
goes low at t9 and the counter 18 counts down to zero 

10 att10(Rg.3(c)). 

When the counter starts counting down, the 'chip 
clock enable signal' goes low (Rg. 3(d)) and the chip is 
shut down. During this time, the dummy loads draw cur- 
rent as depicted in Rg. 3(f) and no current is drawn by 

is the chip 22 (Fig. 3(g). Next, the dummy loads are shut 
down t12. Note, that the rising and trailing edges of the 
current drawn from the power supply are smooth. 
Hence, transient generation is mitigated. 

It should be noted that a larger counter will produce 

20 smaller transients at the chip. Also, feeding the counter 
with a slower clock will produce smaller transients at the 
power supply. 

Thus, the present invention has been described 
herein with reference to a particular embodiment lor a 

25 particular application. Those having ordinary skill in the 
art and access to the present teachings will recognize 
additional modifications applications and embodiments 
within the scope thereof. For example, those skilled in 
the art will appreciate that other arrangements may be 

30 employed for effecting a gradual draw of power from the 
power supply without departing from the scope of the 
present teachings. 

It is therefore intended by the appended claims to 
cover any and all such applications, modifications and 

35 embodiments within the scope of the present invention. 

Claims 

1 . A system for controlling the application of power by 
40 a power supply to a load circuit comprising: 

first means for drawing power from the power sup- 
ply; and 

second means for controlling the amount of power 
drawn by the first means from the power supply. 

45 

2. The invention of Claim 1 further including third 
means responsive to the second means for selec- 
tively activating the load circuit whereby the load 
circuit draws power from the power supply; 

so said third means includes a gate having an output 
from the counter as a first input and a clock signal 
as a second input and whereby the gate provides a 
clock input to the load circuit. 

55 3. The invention of Claim 2 further including means for 
discontinuing the draw of power from the power 
supply by the first means on the activation of the 
load circuit. 
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4. The invention of Claim 1 wherein the first means 
includes a voltage controlled resistance connected 
in parallel with the circuit. 

5. The invention of Claim 4 wherein the resistance is a s 
digitally controlled resistance 

6. The invention of Claim 5 wherein the second 
means includes a counter for supplying digital con- 
trol values to the digitally controlled resistance. 10 

7. The invention of Claim 1 wherein the second 
means includes means for gradually increasing the 
amount of power drawn from the power supply by 
the first means. is 

8. The invention of Claim 1 wherein the second 
means includes means for gradually decreasing the 
amount of power drawn from the power supply by 
the first means. 20 

9. A system for controlling the application of power by 
a power supply to a load comprising: 
first means for drawing power from the power sup- 
ply, the first means including a digitally controlled 
variable resistance; 

second means for controlling the amount of power 
drawn by the first means from the power supply, the 
second means including a binary counter for pro- 
viding digital control words for the variable resist- 
ance; and 

third means for selectively activating the circuit 
whereby the circuit draws power from the power 
supply. 

10. The invention of Claim 9 wherein the third means 
includes a gate having an output from the counter 
as a first input and a clock signal as a second input 
and whereby the gate provides a clock input to the 
circuit 
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